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ANGIOGRAPHIC INJECTOR SUBASSEMBLY 

FIELD OF THE INVENTION 

The present invention relates to a fluid management and component detection system 

used during a surgical procedure. The present invention particularly relates to injector systems 
and devices used to detect and monitor injector components and fluids, such as contrast media, 
during an injection procedure. 

BACKGROUND OF THE INVENTION 

Angiography is a procedure used to specifically image, diagnose and treat abnormalities 

in the heart or vascular structures. In recent decades, radiologists, cardiologists and vascular 
surgeons have also used angiography procedures to guide minimally invasive surgery of the 
blood vessels and arteries of the heart. During angiography, a physician inserts a catheter and 
injects a contrast material into a vein or artery of a patient. The vascular structures fluidly 
connected with the vein or artery in which the injection occurred are subsequently filled with 
the contrast material. Next, the area of the patient's body injected with the contrast material is 
imaged using x-ray energy, whereby the radiation beam passes through the tissue of the patient 
and is absorbed by the contrast material. The resulting image or radiographic outline of the 
blood vessel is recorded onto film or videotape and/or displayed on a fluoroscope monitor. 
The images can be used for many purposes, as for example diagnostics and interventional 
procedures such as angioplasty, wherein a balloon is inserted into a vascular system and 
inflated to open a stenosis. 

Various manual and automated injection systems used for performing angiography 
procedures are known in the art. Most current systems include a syringe and other disposable 
components (such as manifold tubing, spikes, etc.) operatively connected to a catheter. The 
syringe is filled by creating a vacuum which causes the contrast media to be suctioned into the 
chamber of the syringe. Any residual air is ejected from the chamber before connecting the 
syringe to the patient catheter. Once the system is completely set-up and primed, the syringe is 
connected to the patient catheter and the contrast media is injected into the target area. 

The volume and flow rates of contrast media injections vary depending on patient 
parameters (such as heart/chamber/vasculature size, patient weighted physical condition) and 
type of treatment or diagnosis performed. Due to the variability of these parameters, it is often 
difficult to calculate the precise amount of contrast media needed for a particular patient and 
procedure. As a result, there exists the potential that the syringe chamber will be either under- 
filled or over-filled for a particular patient and/or procedure. 
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If the chamber is under-filled, an insufficient volume of contrast media will be injected 
into the patient, resulting in a less than optimal image and requiring that the procedure be 
repeated. This is not only expensive due to the high cost of contrast media, but is also 
potentially harmful to the patient in view of the additional radiation exposure and contrast dose 
injected into the patient. Conversely, if the syringe is over-filled, there will be an excess 
volume of contrast media remaining in the syringe after completion of the imaging procedure. 
To avoid patient contamination and product adulteration, the remaining volume of contrast 
media is simply discarded. Although over-filling the syringe avoids the problem of having to 
repeat the imaging procedure, over-filling wastes contrast media which is costly to hospitals 
and health care facilities. 

Typically, contrast media is supplied in fluid volume containers having a 50ml, 100ml, 
250ml or 500ml capacity. In contrast, patient procedures characteristically require as little as 
tens of milliliters to as much as hundreds of milliliters of fluid per procedure. The limited 
container volumes in conjunction with the variability associated with patient procedures often 
result in wasted fluid. For example, if a procedure requires 150ml of fluid and a 250ml 
container is used, the amount of fluid remaining in the container at the end of the procedure is 
discarded due to possible cross-contamination and fluid-crystallization issues. The discarded, 
unused portion not only wastes fluid, but also significantly contributes to increased hospital 
costs. 

In addition to cost issues, the medical community is also faced with contamination 
problems associated with imaging procedures and, more particularly, the injector systems used 
to dispense the fluids. For example, the syringe, tubing and ancillary injector components used 
during imaging procedures are in fluid-communication with the patient. As a result, these 
items must be discarded after each case in order to avoid patient and/or product contamination, 
a potential risk confronting all products used during invasive procedures. Another reason for 
disposing of these items after a single use is that the majority of the imaging components are 
made of materials that are incompatible with state-of-the-art cleaning and resterilization 
procedures and, therefore, cannot be reused. 

Although presently available injector systems are well accepted by the medical 
profession and function as required, it is desirable to have a more cost-effective injector system 
that is also safe and efficacious to use. In particular, it is desirable to have an injector system 
with a reservoir of contrast media that allows more than one patient to be injected using the 
same reservoir supply. It is also preferred that the system accommodate a variety of 
reservoir/container designs and fluids having various volumes, concentrations, viscosities, etc. 
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It is also essential that the contrast media/fluid supply remain contamination-free during each 
use. In addition, it is desirable to have an injection system with a variety of accessory 
components that are single use, multiple use and resterilizable. Further, it is preferred that the 
system perform both diagnostic and non-diagnostic procedures, such as x-ray procedures, CT 
scanning, magnetic resonance imaging, ultrasonic imaging, angioplasty, saline ablation, etc., 
and is capable of using a variety of fluids, such as contrast media, saline, flushing fluids, etc. 

OBJECTS AND SUMMARY OF THE INVENTION 

In view of the foregoing, it is an object of the present invention to provide an injector 

subassembly that addresses the obstacles and disadvantages associated with current fluid 
injection practices. 

A further object of the present invention is to provide an injector subassembly that is 
cost-effective, safe and efficacious to use. 

A further object of the present invention is to provide an injector system with a 
reservoir of contrast media that allows more than one patient to be injected using the same 
reservoir supply. 

A further object of the present invention is to provide a system that can accommodate a 
variety of reservoir/container designs and fluids having various volumes, concentrations, 
viscosities, etc. 

A further object of the present invention is to provide a system wherein the contrast 
media/fluid supply remain contamination free during each use. 

The present invention attempts to address these objects and other objects not 
specifically enumerated herein through the use of an injector subassembly used with an injector 
system, wherein the injector subassembly comprises a single use portion and a multiple use 
portion. In particular, the single use portion is fluidly connected to the multiple use portion, 
and the single use portion includes a high pressure tube connected to a catheter connection and 
the multiple use portion includes a syringe connected to a fluid supply reservoir. Further, the 
syringe and high pressure tube of the system are configured to be in fluid communication at a 
predetermined period of operation. 

Another embodiment of the present invention contemplates an injector subassembly 
wherein a length of the high pressure tube is related to a pressure drop along the length of the 
tube. 

Another embodiment of the present invention contemplates a multiple use portion that 
can be reused up to approximately five times. 
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Another embodiment of the present invention contemplates a multiple use portion that 
can be reused on one or more patients without cleaning or sterilizing the multiple use portion 
between each use. 

Another embodiment of the present invention contemplates a single use portion that is 
supplied to a user of the subassembly as a kit. 

Another embodiment of the present invention contemplates a multiple use portion that 
is supplied to a user of the subassembly as a kit. 

The present invention also contemplates a syringe for use in an angiographic injector 
system, wherein the syringe comprises a syringe body having a distal end, a proximal end and a 
pumping chamber. In addition, a syringe plunger is located in the pumping chamber of the 
syringe and is movable along a path from the distal end to the proximal end of the syringe 
body. Further, the syringe plunger is connected to and controlled by a user-interface 
subassembly whereby the syringe plunger automatically disconnects from the syringe body 
when the syringe body has been used for a maximum number of uses. 

The present invention also contemplates an angiographic injector system that tracks the 
volume of fluid injected into a patient or dispensed by the system, wherein the injector system 
comprises a user-interface subassembly and a reservoir containing fluid used during an 
injection procedure. In addition, the system includes a syringe fluidly connected to the 
reservoir and a patient, wherein the syringe includes a syringe plunger movable within the 
syringe. Further, the system also includes a syringe holder that holds the syringe in place on 
the injector system, whereby the syringe holder includes at least one electrical device that 
tracks the volume of fluid dispensed by the syringe via movement of the syringe plunger. 

The present invention also contemplate an angiographic injector system comprising an 
injector subassembly and a user-interface subassembly wherein the user-interface subassembly 
includes a resume feature that allows for the recovery of the system from an error condition or 
power down. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of an angiographic injector system in accordance with a 

preferred embodiment of the present invention; 

FIG. 2 is a perspective view of the injector subassembly of the angiographic injector 
system in accordance with a preferred embodiment of the present invention; 

FIG. 3 is a cross-sectional view of the syringe body of the angiographic injector system 
in accordance with a preferred embodiment of the present invention; 

-4- 



.0174421A1J_> 



WO 01/74421 PCT/US01/09928 
FIG. 4 is a perspective view of the syringe body and the syringe holder of the 
angiographic injector system in accordance with a preferred embodiment of the present 
invention; 

FIG.s 5 and 6 are perspective views of the syringe body partially positioned in the 
syringe holder in accordance with a preferred embodiment of the present invention; 

FIG. 7 is a perspective view of the reservoir in accordance with a preferred embodiment 
of the present invention; and, 

FIG. 8 is a perspective view of sensors used to track the volume of fluid used on the 
system in accordance with a preferred embodiment of the present invention. 

DETAILED DESCRIPTION 

Referring to Figure 1, an embodiment of an angiographic injector system 10 used to 

inject radiographic contrast material into a blood vessel under interactive physician control in 
accordance with the present invention includes an injector subassembly 12 and a user-interface 
subassembly 14. For an example of a compatible user-interface subassembly 14, the reader is 
referred to application serial number 08/957,228, filed on October 24, 1997, and which is 
hereby incorporated by reference in its entirety into the present application. 

The injector subassembly 12 includes a syringe holder 16 used to house a syringe body 
1 8. Located within the syringe body 1 8 is a detachable syringe plunger 20. When moved 
toward tlie proximal end 21 of the syringe body 18, the syringe plunger 20 creates a pressure 
differential in the syringe body 1 8 which draws contrast material from the radiographic 
material reservoir (bottle) 22, through the one-way valve 24 and into the syringe body 18. 
When the syringe plunger 20 is moved toward the distal end 25 of the syringe body 18, contrast 
material exits the syringe body 18 via the interconnection luer 50 and enters the patient 
manifold (check valve) 26. From the patient manifold 26, the contrast material enters the 
patient port 33 and flows through the high pressure tube 28 into the three-way stop-cock 32 and 
toward the catheter connection 30. 

As shown in Figure 2, a preferred embodiment of the injector subassembly 12 of the 
present invention includes a multiple use portion 44 arid a single use portion 46. The 
components comprising the single use portion 46 and multiple use portion 44 are supplied to 
the user in discrete kit configurations that are safe, effective, sterile and easy to use. An 
individual kit comprising the single use components 46 may be used for cardiology, radiology, 
ultrasound, magnetic imaging, computed tomography or similar procedures. This 
multifunctional design aspect of the single use components 46 provides additional cost savings 
and safety benefits to users of the device. 

-5- 



Xlt* <WO 0174421 A 1J_> 



WO 01/74421 PCT/US01/09928 

In particular, given that one kit can be used for a variety of procedures, the potential of 
using incompatible components during a given procedure is significantly reduced or eliminated 
altogether. In addition, the single use, multifunctional kit allows for component 
standardization, especially for physicians that may practice at numerous facilities, and reduces 
the number of components that need to be inventoried by hospitals and health care facilities, 
thereby providing additional cost benefits and contributing to user convenience. 

The components of the single use kit 46 may be manufactured from a variety of 
materials such as thermoplastics, specifically PVC, ABS, polypropylene, polyethylene, 
polyurethane, polycarbonate, etc., and/or elastomeric thermosets, such as polyisoprene, nitrile 
rubber, EPDM, silicone rubber, and other similar materials. Therefore, after each patient 
procedure or use, the single use components 46 are simply disconnected from the angiography 
system 1 0 and conveniently discarded. 

In contrast, the components comprising the multiple use kit 44 may be reused on one or 
more patients or cases. In a preferred embodiment, the components of the multiple use kit 44 
are made of the same or similar materials as the single use kit and can be reused up to 
approximately five times. Since the multiple use components 44 are reusable, they may be 
more cost effective for hospitals or medical facilities than single use components 46. 

Referring to Figure 2, the components comprising the single use portion 46 or kit 
include the patient manifold 26, patient port 33, high pressure tube 28, catheter connection 30, 
three-way stop-cock 32, patient medication port 34, pressure transducer 36, saline check valve 
38, saline tubing 40 and saline spike 52. 

The patient manifold 26 includes a spring biased spool valve which normally connects 
the pressure transducer 36 and the patient port 33. However, during an injection procedure, 
pressure from the contrast material in the syringe biases the spool valve of the patient manifold 
26 to change states so that the lower port 50 of the syringe body 18 connects to the patient port 
33. The pressure required to actuate the spool valve is variable and may be set by the 
manufacturer of the device by increasing or decreasing the characteristics of the spring. 

In addition to controlling the direction of fluid flow, the patient manifold 26 also 
functions as a mechanism to prevent patient and/or system contamination during an injection 
procedure. The patient manifold 26 provides a fluid connection for the pressure port 33, the 
pressure transducer 36 and the syringe 1 8. As such, the patient manifold 26 serves as a check 
valve to prevent retrograde flow of patient fluid to the syringe 18 and/or pressure transducer 
36, thereby maintaining contamination-free fluid flow paths among the various system 
components. 
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The high pressure tube 28 of the present invention connects the patient port 33 to the 
three-way stop-cock 32. In a preferred embodiment, the high pressure tube 28 is made of PVC. 
However, alternative materials, such as reinforced urethane, can also be used. As used on the 
system of the present invention, the length of the high pressure tube 28 is directly related to the 
amount of pressure drop between the patient port 33 and the stop-cock 32. In a preferred 
embodiment, the high pressure tube 28 is 1 1 1 .76 + 0.32 cm in length. However, various 
lengths for the high pressure tube 28 may also be used provided that the system maintains 
adequate pressure during the specified procedure. 

As shown in Figure 2, the three-way stop-cock 32 of the present invention regulates the 
flow of fluid to and from the patient. In its first or off position, the stop-cock 32 prevents any 
fluid from flowing into or out of the patient. When the stop-cock 32 is adjusted to its second 
position, the stop-cock 32 is open to allow fluid to flow from the high pressure tube 28, via the 
stop-cock 32, through the catheter connection 30 and into the patient. As such, the stop-cock 
32 is rotated to selectively occlude one port and allow communication between the remaining 
two ports. 

In some instances, it is desirable to inject the patient with medicaments or aspirate out 
patient fluids without having a separate injection site in addition to the patient catheter site. In 
these situations, the stop-cock 32 is turned to its third position. Opening the stop-cock 32 to its 
third position allows medication to be injected into the patient medication port 34, through the 
stop-cock 32 and into the patient via the catheter connection 30. The patient medication port 
34 can also be used to aspirate fluids from the patient, as for blood sampling and similar 
procedures. 

Often during a medical procedure, more than one type of fluid injection is desired, such 
as a saline flush followed by the radiographic contrast material. For this procedure, saline is 
pumped from a saline supply 42 to the saline tubing 40, through the saline check valve 38 and 
into the pressure transducer 36. The pressure transducer 36 allows for removal/expulsion of 
trapped air so the dome chamber of the pressure transducer 36 can be flushed with saline. The 
saline then flows from the pressure transducer 36, through the patient manifold 26, into the 
patient port 33 and through the high pressure tubing 28. Once the saline enters the high 
pressure tubing 28, the saline follows the same fluid path of the contrast media as described 
above. 

In a preferred embodiment, the components of the single use portion 46 are disposable, 
single use items that are replaced after each patient or case. However, in an alternate 
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embodiment, these components may be cleaned and resterilized after each patient/case and 
reused. 

As shown in Figure 2, the multiple use portion 44 or kit comprises the syringe body 18, 
one-way valve 24, fluid/contrast container spike 48, interconnection luer 50, saline tubing 40 
and saline spike 52. The multiple use portion 44 allows for the continuous use of contrast 
media for multiple patients/cases, while maintaining sterility of the contrast media supply and 
preventing inter-patient contamination. 

Referring to Figure 3, in a preferred embodiment the syringe body 18 of the injector 
subassembly 12 is cylindrically shaped, although alternate shapes, such as an oval shape or 
various other shapes, can also be used. The preferred shape of the syringe body 1 8 is 
cylindrical because of its edge-free or smooth, non-interrupted inner surface 54 that forms an 
enhanced fluid-tight seal between the inner surface 54 of the syringe body 18 and the wiper 56 
of the syringe plunger 20. The annular shape of the inner surface 54 also facilitates cleaning 
and prevents material build-up on the inner surface 54 during use of the device. 

The aspect ratio of the syringe body 18 is of a very wide range. Preferably, the aspect 
ratio is a function of the force and stroke of the moving component of the syringe 1 8, typically 
the syringe plunger 20. The inside diameter of the syringe body 1 8 may be variable provided 
that the syringe plunger 20 properly mates with and is movable within the syringe body 18. 
Similarly, the outside diameter of the syringe body 18 can also be any suitable size that enables 
the syringe body 18 to fit into the syringe holder 16 or other similar holding device. 

Other alternative syringe configurations and shapes may also be used with the device of 
the present invention provided that the syringe 18 remains symmetrical with uniform sealing 
forces. These attributes not only enhance syringe performance, but also facilitate the 
manufacture of such syringes. In addition, it is preferred that the syringe 18 has a fluid volume 
capacity within the range of 60ml to 250ml. However, the final syringe capacity, design and 
configuration will be based on its mode of activation or other design and system constraints. 

Due to the structural support provided by the syringe holder 16, the body of the syringe 
1 8 requires minimal, although adequate, structural strength. The distal portion 25 of the 
syringe 18 is configured to include reinforcing structures, such as ribs 64, to provide added 
structural integrity and strength to this portion of the syringe 18 and to better manage the axial 
force of the syringe plunger 20. 

In a preferred embodiment, the syringe body 18 is transparent or translucent and made 
of polycarbonate. The transparent material allows a user of the device to view the contrast 
media or fluid within the syringe body 18 and visually detect the presence of air bubbles in the 
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system. Alternatively, other comparable materials, such as PET, clarified polypropylene, SAN,' 
amorphous nylon, styrene, tempered glass, acrylic or other materials having similar strength 
and transparency characteristics may also be used. In addition, it is preferred that the materials 
comprising the syringe body 18 permit the syringe 18 to be cleaned and resterilized after 
several continuous reuses. This material preference is based largely on user preference 
whereby a reusable version of the syringe body 1 8 is typically preferred over a single use type 
in order to reduce hospital or health care facility expenses. 

Referring to the syringe 18 structure as shown in Figure 3, the proximal end 21 of the 
syringe body 18 is open to allow insertion of the syringe plunger 20 therein. Since the syringe 
plunger 20 is connected to and driven by a motor located within the user-interface subassembly 
14, the syringe body 1 8 is positioned in the syringe holder 16 so that the open end of the 
syringe body 18 is adjacent to the user-interface subassembly 14. 

The distal portion 25 of the syringe body 1 8 is closed and includes an upper port 58 and 
a lower port 60. The upper port 58 is approximately 10 mm in length, having variable inside 
and outside diameters. The upper port 58 of the syringe 18 is aligned at a 10 degree angle 
toward the distal end 25 of the syringe body 1 8 to ensure a vertical position for the port. In 
contrast, the lower port 60 is positioned parallel to the syringe body 18 and has a central, 
longitudinal axis approximately 16.5 mm lower than the central, longitudinal axis of the 
syringe body 18. 

As shown in Figures 1-3, the upper port 58 attaches to the one-way valve 24 of the 
contrast container spike 48 which is inserted into the radiographic material reservoir 22. 
During use, contrast material is drawn from the reservoir 22 through the check valve 24 and 
upper port 58 and into the pumping chamber of the syringe body 1 8. Preferably, the check 
valve 24 is a one-way valve and includes a weighted ball (not shown) positioned at its lower 
seated position within the chamber. 

As the syringe plunger 20 pumps contrast media into the lower port 60, any air 
remaining in the syringe body 18 is pumped out of the upper port 58. The weighted ball in the 
check valve 24 is sufficiently heavy to permit the air to flow from the syringe body 18 into the 
reservoir 22 without lifting the ball to an upper seated position. Once all the air is removed 
from the syringe body 1 8, the contrast media will begin to flow into the upper port 58. The 
specific gravity of the contrast media together with the hydrodynamic interaction of the 
weighted ball will lift the ball to an upper seated position, essentially blocking the passageway 
from the upper port 58 to the reservoir 22 so that contrast media cannot flow back from the 
syringe body 18 into the reservoir 22. 
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The key features of the angiographic injector system 10 that regulate fluid flow and/or 
prevent system and patient contamination include, but are not limited to, the patient valve 26, 
check valve 38, one-way valve 24, high pressure tube 28 and stop-cock 32. As described 
above, the patient valve 26 prevents retrograde flow of patient fluid to the syringe 18. As such, 
the patient valve 26 ensures that the syringe 18 remains sterile. 

In addition, the saline check valve 38 also controls fluid flow to maintain 
contamination-free fluid flow paths. In particular, the check valve 38 functions to prevent fluid 
from flowing back into the saline supply thereby further ensuring system sterility and patient 
safety. 

Similar to the function of the patient valve 26, the one-way valve 24 is also designed to 
prevent back-flow of contrast material from the syringe body 1 8 to the reservoir 22 supply. In 
so doing, the one way valve 24 simultaneously manages air flow and pressure between the 
syringe 1 8 and reservoir 22. In particular, during a purge function, the one way valve 24 
passively recognizes when all the air has been removed from the system and, further, maintains 
the syringe pressure at a separate level from the reservoir pressure. 

In addition to controlling fluid flow, the three-way stop-cock 32 of the present 
invention is also designed to minimize patient trauma during use of the injector system 10. 
The three-way stop-cock 32 includes three discrete positions that controllably regulate fluid 
flow to and from the patient. In a first position, the stop-cock 32 prevents fluid from flowing 
into or out of the patient However, this particular arrangement allows medications and/or fluid 
to be, respectively, either injected into or aspirated from the high pressure tube 28 through the 
patient medication port 34. 

In a second position, the stop-cock 32 is open to allow fluid to flow from the high 
pressure tube 28, via the stop-cock 32, through the catheter connection 30 and into the patient. 
The stop-cock 32 is typically located in its second position during an imaging procedure that 
requires the injection of contrast media into the patient. 

The third position of the stop-cock 32 provides a fluid flow path from the patient 
medication port 34, through the catheter connection 30 and ultimately to the patient It is the 
third position of the stop-cock 32 that enables an operator of the device to inject or aspirate 
medications and/or fluids, respectively, into or from the patient This particular feature allows 
additional diagnosis or treatments without having to create a separate injection site in the 
patient As such, no additional patient trauma results from these supplementary procedures. 

Another feature of the device of the present invention that reduces or eliminates system 
and/or patient contamination is the high pressure tube 28. The high pressure tube 28 is 
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designed to be of sufficient length so that a relatively large volume of fluid separates the 
catheter connection 30 from the patient port 33. The volume of fluid and length of tubing 
prevents or significantly reduces the potential migration of contaminants from the patient site 
to the syringe body 18. Therefore, the patient valve 26, check valve 38, one-way valve 24, 
high pressure tube 28 and stop-cock 32, together with the particular design of the remaining 
system 10 components, significantly reduce or prevent system and patient contamination 
during one or more injection procedures. 

Referring to Figures 1-3, the lower port 60 of the syringe body 18 includes an 
interconnection luer 50 used to connect and disconnect the single use portion 46 of the device 
of the present invention to the multiple use portion 44. In a preferred embodiment, the 
interconnection luer 50 is a rotating polycarbonate high pressure luer with locking collar that 
allows the used and/or contaminated single use components 46 to be quickly and easily 
removed and replaced with sterile components. Alternatively, other similar high-pressure 
capable connectors may also be used to form a connection between the single use portion 46 
and the multiple use portion 44 of the angiographic injector system 10. 

The inside diameter of the interconnection luer 50 is approximately 2.2mm. Preferably, 
the interconnection luer 50 has as large a diameter as possible so as to reduce fluid flow 
restrictions between the single use portion 46 and the multiple use portion 44. In a preferred 
embodiment, the interconnection luer 50 is fabricated from a transparent or translucent 
material, such as polycarbonate, ABS or other similar materials, to allow for improved 
visualization of the fluid path and easy detection of any air contained within such path. 

Referring to Figure 3, the closed, distal end 25 of the syringe body 18 forms a 
frustroconical end wall 62. The frustroconical end wall 62 slopes at an angle of approximately 
126 degrees from vertical and includes a rounded vertex having a radius of approximately 6.35 
± 0.25 mm. The conical shape of the end wall 62 helps to direct fluids and gases to the 
appropriate ports 58, 60 during the set-up procedure and pumping function of the system 10. 

Located on the exterior surface of the end wall 62 are one or more ribs 64. The ribs 64 
are approximately 2.54 ± 0. 13 mm in thickness and are spaced approximately 2.54 mm apart. 
As shown in Figure 3, the ribs 64 include flanges 66 that extend perpendicular to the 
longitudinal axis of the syringe body 1 8. The thickness of the ribs 64 in combination with the 
flanges 66 is approximately 3.56 ± 0. 1 3 mm. The ribs 64 and flanges 66 are positioned on the 
exterior surface of the end wall 62 so as to form a flat face 68. 

In a preferred embodiment, there are seven ribs 62 extending transversely across the 
end wall 62. In addition to rendering an attractive, ornamental appearance to the syringe body 
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1 8, the ribs 64 also provide a structural, reinforcing function. Additional structural integrity is 
needed at the distal end 25 of the syringe body 1 8 to withstand the force exerted by the syringe 
plunger 20 and contrast media during the injection procedure. 

The combination of ribs 64 and flanges 66 may also be used as a keying feature or 
structure to ensure that the proper syringe body 18 and accessories are used with the 
angiographic injector system 10 of the present invention. For example, in one embodiment, 
shown in Figures 4 and 5, the flanges 66, ridge 67 and notch 69 of the syringe body 18 mate 
with complimentary notches 68 and projections 70 located on the syringe holder 16. Further, 
the upper port 58 of the syringe body 18 fits into the groove 71 of the syringe holder 16 as an 
additional mating or keying feature of the present invention. 

Although the preferred keying feature includes a combination of notches and 
projections, alternative keying or indexing embodiments can also be used. For example, in one 
embodiment, the keying feature comprises only the flanges 66, ridge 67 and upper port 58 on 
the syringe body 1 8 and the mating notches 68 on the syringe holder 16. In an alternate 
embodiment, the keying feature simply comprises the notch 69 and projection 70 located on 
the syringe body 18 and syringe holder 16, respectively. The quantity, pattern, shape and 
location of keying features can also be varied and still be within the scope of the present 
invention. In addition, similar mechanical indexing or keying configurations that are well- 
known in the art can also be used to ensure that the correct syringe body 1 8 is used with the 
angiographic system 10 of the present invention. 

The mechanical fit between the syringe body 18 and syringe holder 16 prevents a user 
of the device from installing an incompatible syringe onto the system 10. In addition, due to 
the direct relationship between the syringe design and the procedure to be performed, the 
keying feature of the present invention also prevents the wrong kit configuration from being 
used with the wrong injector system set-up. 

In addition to mechanical means, electrical means can also be used to ensure that the 
system 10 is correctly set-up and used. For example, in one embodiment of the present 
invention shown in Figure 6, the projections and/or notches on the syringe body 1 8 contact 
switches or sensors 72 on the syringe holder 16. The switches or sensors 72 send a signal, such 
as a digital or analog signal, to the user interface subassembly 14 (not shown) indicating that 
the proper syringe body 1 8 is being used. If an operator of the device attempts to use an 
incompatible syringe 18 with the system 1 0, the sensors 72 prevent the system 10 from 
functioning until a system-compatible syringe 18 is located in the syringe holder 16. 
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The sensors 72 are also used to distinguish whether the syringe 18 is a single-use 
syringe or a multiple use syringe. If the syringe 1 8 is single-use, the system 1 0 features 
prevent the syringe 1 8 from being used beyond a single patient or case. In contrast, if the 
syringe 18 is reusable, the system 10 tracks or counts the number of cases and shuts down 
when the syringe 18 reaches its maximum use. The system 10 then alerts the operator to 
change the syringe 18 and prevents continued operation of the device until the used syringe 1 8 
has been removed and a new syringe 18 is installed on the system 10. In one embodiment of 
the device of the present invention, the syringe plunger 20 automatically disconnects from the 
syringe body 18 when the syringe 18 has been used for the maximum number of uses. The 
used/contaminated syringe 18 must be replaced with a new, sterile syringe 18 before the 
syringe plunger 20 and system 10 continue to operate. 

One embodiment of the present invention utilizes sensors or switches to track syringe 
use via movement of the syringe plunger 20. For example, sensors, located along the length of 
the syringe holder 16, sense and track the movement of the syringe plunger 20 as it moves from 
the proximal end 21 toward the distal end 25 of the syringe body 18 during the injection 
procedure. By tracking the syringe plunger 20 movement, the system 10, together with 
information entered by an operator, is capable of tracking the volume of fluid injected into a 
patient. Upon completion of the procedure, the system operator terminates the case, for 
example, by pressing the "End Case" key or button. As such, the system 10 tracks and/or 
counts this as one use of the syringe 18. After the fifth use (or maximum number of uses) of 
the syringe 18, the system 10 notifies the operator that the syringe 18 has been used it 
maximum number of uses. At this point, the operator may either replace the syringe 1 8 with a 
new, sterile syringe or over-ride the system message and continue using the existing syringe 
18. 

In an alternate embodiment, when the system 10 reaches the maximum number of 
syringe reuses, the system 1 0 stops operating and notifies the operator via the display on the 
interface subassembly 14 that the syringe 1 8 must be replaced with a new, sterile syringe 1 8. 
After the syringe 18 is replaced, the system 10 continues to fimction. Thus, for this 
embodiment of the present invention, the operator may not over-ride or by-pass the system 
message and, as such, must replace the existing syringe 1 8. 

In yet another embodiment of the present invention, sensors can also be positioned on 
the system 10 to track or monitor the number of turns of the motor that controls plunger 20 
movement. According to this embodiment, each turn of the motor is directly related to a 
specific distance of plunger 20 travel within the syringe body 1 8. Further, the amount of 
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plunger movement also directly corresponds to a specific volume of fluid injected or displaced 
by the syringe 18. As described above, upon completion of the injection procedure, the system 
operator terminates the case by pressing the "End Case" key. As a result, the system 10 can 
track the number of completed cases/procedures by counting the number of times an operator 
performs an "End Case" function. 

The switches and sensors may also be used in combination with the accessory 
components of the angiographic system 10, such as the interconnection luer 50, high pressure 
tube 28, saline spike 52, etc. As with the syringe body 16, the switches and sensors ensure that 
only system compatible accessories are used with the device of the present invention. In 
addition, the switches and sensors also track or count the number of cases or patients to prevent 
reuse of the accessories beyond their recommended use. Data or information on the 
accessories is communicated to the operator via the interface subassembly 14. 

Other electrical and/or software means, in addition to sensors and switches, can also be 
used with the device 10 of the present invention. For example, in an alternate embodiment, a 
small memory or identification chip is placed in a cable or sensor on the syringe holder 1 6. 
The chip communicates with the interface subassembly 14 and identifies whether a system 
compatible syringe 1 8 or kit is installed. As with the sensors, the chip together with the 
interface subassembly 14 prevent the system 10 from functioning until a system-compatible 
syringe 1 8 or kit is installed. 

In a further embodiment, a bar-code is applied to the syringe body 1 8. A bar-code 
reader, located on the syringe holder 16 or other suitable location on the system 10, reads the 
bar-code on the syringe body 18. The bar-code information is then processed by the user 
interface subassembly 14 and displayed to the operator. The system 10 cannot be activated to 
begin an injection procedure unless the bar-code reader reads an appropriate bar-code or, in 
other words, until a compatible syringe body 18 is installed in the syringe holder 16. In 
addition to preventing incompatible syringes 18 from being used, the bar-code and bar-code 
reader are also used to indicate whether a single use or multiple use syringe 18 or kit has been 
properly connected to the system 1 0. 

In addition to switches, sensors and memory/identification chips, other similar devices 
such as antennas, optics or similar devices can also be used to track the number of uses for a 
particular component and to verify that the correct components are used with the angiographic 
system 10 of the present invention. 

An example of an antenna device used on the present invention is similar to 
conventional anti-theft tag devices used in stores. In one embodiment of the present invention, 
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the antenna is located on the syringe body 1 8 and the resonance circuit is located onto the 
syringe holder 16. When the syringe body 18 is positioned in the syringe holder 16, the 
resonance circuit receives a signal from the antenna indicating that the correct syringe body 1 8 
is being used on the system thereby allowing the system to operate. However, if the syringe 
body 18 does not have an antenna or has an antenna that emits an incorrect signal, then the 
resonance circuit prevents the system from operating until the appropriate syringe is installed. 

In another embodiment of the present invention, an optical switch or detector is used to 
detect the presence of the syringe body 18 in the syringe holder 16. In particular, a beam of 
light emitted from the syringe holder 16 onto a detector sends a signal to the user interface 
indicating that the syringe holder 16 is empty. When a syringe body 18 is positioned in the 
holder 16, the syringe body 18 breaks the beam of light thereby indicating that the syringe 
holder 1 6 is loaded. In an alternate embodiment, the syringe body 1 8 also includes a switch 
triggered by a beam of light. As such, when the syringe body 18 is positioned in the syringe 
holder 16, the switch signals to the user interface that the syringe holder 16 is loaded and that 
the appropriate type of syringe 18 is being used on the system. 

Although only the above-described embodiments of an antenna and optics device has 
been disclosed in detail, it should be understood that alternative, state of the art antenna and 
optics devices can also be used with the angiographic system and still be within the scope of 
the present invention. 

The injector system 10 of the present invention also includes additional features 
directed to user convenience and user/patient safety. In particular, the injector system 10 has 
numerous safety features that prevent the system 1 0 from being used in the event of an 
operational error. One such feature is the resume function. During normal operation and upon 
completion of a procedure, the system 10 is shut-down by a system operator using the 
appropriate shut-down sequence of steps, including completion of an "End Case" action. 
Following this procedure, a subsequent powering-up of the system 10 only allows a user to re- 
start the system 10 and requires new disposable components to be installed on the system. 

In contrast, when system operation is interrupted or the system is improperly shut- 
down, due to encountering certain errors, a brown-out or a loss of power, system 10 
intelligence assesses the shut-down situation and provides the operator with two options 
concerning restart of the system 10. In other words, re-starting the system 10 following a 
system shut-down without performing an "End Case" action by the system operator requires 
the operator to select either ''restart" or "resume." As described above, the "restart" feature is 
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equivalent to beginning a new procedure or operation and requires existing components to be 

removed and new disposable components to be installed on the system. 

In contrast, the "resume" feature provides the operator with a choice of whether or not 

to continue with the procedure or case after an improper power-down is encountered. Thus, 

the resume feature allows a user to return to the main screen on the user-interface and continue 

the procedure without having to replace any system components. However, the input 

parameters and the case totals for the injection fluids and the last injection values are lost and 

re-set to zero. 

The resume function also enables an operator from erroneously removing disposable 
system components prior to completion of a procedure. Typically, at the end of a case, the 
system 10 requires an operator to remove the disposable components prior to initiation of a 
new procedure or case. However, when the system is shut-down (as described above) prior to 
completion of the procedure, the operator may simply continue the procedure by activating the 
resume feature of the system 10. The resume function allows the system 10 to function and the 
procedure to continue without requiring the operator to perform a standard initialization of the 
system or replace any of the disposable components. 

Another novel feature of the injector system 10 of the present invention is the one-shot 
refill option. In one embodiment of the present invention, the one-shot refill option enables the 
manufacturer or operator of the device to preprogram unique keystrokes corresponding to 
predetermined fluid increments or volumes frequently selected during various injection 
procedures. These preprogrammed keystrokes are then saved and stored in the memory system 
of the user-interface subassembly 14. This feature enables the system 10, on demand via a 
single keystroke, to automatically refill the syringe 1 8 with the specified volume of fluid 
corresponding to the particular key selected by the operator. In other words, the one-shot refill 
option allows an operator of the device 10 to quickly and efficiently fill a syringe 18 with a 
specified volume of fluid using a single key stroke. 

In an alternate embodiment, the one-shot refill feature is available to a system operator 
via an automatic mode or a manual mode. In the automatic mode, an operator activates the 
one-shot refill option by pressing a button on the system 10. Although other conventional or 
state of the art triggering devices can also be used with the present invention, in the spirit of 
convenience and brevity, the one-shot refill feature will be described with reference to a button 
as its method of activation. Upon activation, the one-shot refill feature automatically fills the 
syringe 1 8 to its maximum volume or to a volume equivalent to the amount of fluid remaining 
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in the reservoir/bottle 22. As such, fluid fill volumes are based on syringe 18 capacity and 
remaining reservoir 22 supply amounts. 

In contrast, the manual mode of the one-shot refill feature enables an operator to 
manually control the fill volume of the syringe 18. This mode of operation requires an 
operator to press and hold the one-shot refill button until the syringe 1 8 is filled to the desired 
volume of fluid. As such, the operator is able to accurately and efficiently fill the syringe 18 to 
a variety of customized volumes. Therefore, this particular feature of the present invention not 
only enhances user convenience but also reduces both patient and health care facility costs. 

The device of the present invention also includes additional variations to the one-shot 
refill feature. In addition to controlling refill volumes, the system also enables an operator to 
preprogram specific times for the refill function to occur. For example, during a saline 
injection, the patient manifold 26 is open to allow saline to flow from the saline subassembly 
37 to the high pressure tube 28. In this configuration, the patient manifold 26 is closed with 
respect to the syringe 1 8 fluid flow path- As such, the operator can preprogram the one-shot 
refill feature to automatically refill the syringe 18 when saline is being dispensed by the system 
10. 

As another example, the operator can preprogram the one-shot refill option to occur 
during specific hours throughout the day. Alternatively, the one-shot refill option can also be 
pre-programmed to automatically occur when the supply of fluid in the reservoir 22 reaches a 
set minimum volume. Other similar preprogramming alternatives, though not specifically 
disclosed, are also included within the scope of the present invention. 

Another feature of the injector system 10 is its fluid management system whereby the 
injector system 10 automatically monitors or tracks the amount of fluid dispensed from the 
system 10. Conventional injector systems require I.V. poles or similar devices to hold fluid 
supply reservoirs, such as contrast media bottles/bags. Though readily available, these devices 
are typically inconvenient to use, have a tendency to tip and frequently cause the supply 
reservoir to become disconnected from the injector system. 

In contrast, the injector system 10 of the present invention includes a component 
specifically configured to hold or contain a supply of fluid. In one embodiment of the 
invention, shown in Figure 1, the component is the reservoir 22 containing a volume of fluid. 
In another embodiment, shown in Figure 7, the component is also the reservoir 22, however, 
for this embodiment, the reservoir 22 is designed to also accommodate a variety of containers, 
such as bottles, bags, etc., housing the various fluids used during injection procedures. As 
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such, the reservoir 22 of the present invention allows for a more controlled allocation of system 
fluids and contributes to overall system convenience and safety for a user of the device. 

The overall system fluidics, and in particular the fluid sensing and fluid tracking 
features of the present invention, enable the system 10 to efficiently and effectively manage the 
amount of fluid used on the system 10. For example, conventional injection systems rely on 
the operator's ability to determine when a bottle 22 needs to be replaced. Often, to avoid the 
possibility of running out of fluid during a procedure, thereby requiring the procedure to be 
repeated, an operator will prematurely replace the bottle 22. This practice creates added 
hospital or health care facility expense due to the high cost of wasted contrast media or other 
injection fluids. This particular problem is addressed by the following fluid sensing and fluid 
tracking features which accurately monitor and efficiently manage fluid use. 

In one embodiment of the device of the present invention, the system 10 includes a 
feature that allows contrast media to be used from the radiographic material 
reservoir/bottle/bag 22 for one or more procedures or uses. The reservoir 22 and system 10 are 
designed to be of sufficient size and optimum configuration so as to permit multiple users to 
draw into the contrast material supply without contaminating the patient(s) or compromising 
the sterility of the supply in the bottle 22 or syringe 18. Specifically, the system 10 is designed 
to allow the syringe 1 8 to "infinitely 95 or continuously draw in contrast media from the 
radiographic material reservoir/bottle 22. When the bottle 22 is empty, the user of the device 
simply discards the empty bottle 22 and attaches a full bottle 22 of contrast media onto the 
contrast container spike 48. At this point, the operator may continue with a current, on-going 
procedure or, alternatively, may begin a new procedure. Moreover, with respect to an on-going 
procedure, none of the associated system components needs to be disconnected or replaced 
since the system is able to maintain a sterile fluid path during the bottle replacement procedure. 

In another embodiment, shown in Figure 8, an encoder or sensors 74 located on a motor 
in combination with a gear assembly 76 attached to a potentiometer track the volume of fluid 
used on the system 10 via the number of turns of the motor. This data, which may be used with 
optional information input by the operator for the bottle size/volume of the injection fluid, 
allows the system 10 to continuously and accurately calculate the volume of fluid remaining in 
the bottle 22. Alternatively, the system 10 can be completely automated whereby even the 
bottle size/volume is detected using bar-codes and bar-code readers, sensors or similar devices, 
and the information is then automatically processed by the system 1 0. 

Fluid volume and usage can be tracked by other methods as well. For example, in an 
alternate embodiment of the present invention, shown in Figure 7, IR (infra-red) detector- 

-18- 



_0174421A1_L> 



WO 01/74421 PCT/US01/09928 
emitter pairs or sensors 76 are located along the contrast container tubing. During use of the 
system 10, the sensors 76 sense the presence of fluid within the spike 48 or tubing and alert the 
operator of the system 10, via the user-interface subassembly 14 (not shown), when the 
container 22 is empty and/or when all the air is purged out of the system. In addition, the 
sensors 76 may also warn the operator if air bubbles are present in the tubing between the valve 
24 and the spike 48 (not shown). The user-interface subassembly 14 notifies the operator of 
the status of the fluid via the system display. 

In another embodiment of the present invention, sensors or similar devices are 
positioned at various levels along the supply reservoir 22. The sensors continuously track the 
fluid level in the reservoir 22 and send this information to the user-interface subassembly 14. 
The information is them processed by the system 10 and communicated to the operator via the 
system display. Alternatively, this feature may also include an alarm, visual and/or audible, to 
alert the user to the amount of fluid remaining in the bottle 22. As a result, the system 1 0 is 
able to accurately and effectively control the timing when a bottle 22 needs to be replaced. 
Method of Use 

Prior to initial use, the system 10 of the present invention must be appropriately set-up 
by the user or operator of the device. The operator of the system 10 first enters patient 
parameters, such as age, sex, height, weight, etc., into the user-interface subassembly 14. Next, 
the operator selects the type of procedure, such as radiology, cardiology, etc., to be performed. 
The operator is then presented, via the display, a selection of target areas commonly associated 
with the particular procedure selected. For example, if the operator selects a cardiology 
procedure, the operator is given, via the display, a selection of target areas including right 
coronary, left coronary, left ventricle, aorta, etc. After the injection type is selected, the 
operator inputs the particular function, such as a contrast media injection or a saline flush, to be 
performed by the system 10. After all patient and system information is programmed into the 
user-interface subassembly 14 of the injector system 10, the operator of the device arms the 
system 10. 

Once the system 10 is turned on, it guides the user through a series of steps to install 
components and/or accessories onto the system, purge out air and prime the system 10 with 
fluid. This system set-up and prime must be completed prior to connecting the patient's 
catheter to the catheter connection 30. During the system prime, the syringe plunger 20 
automatically draws in the appropriate volume of fluid into the syringe body 18 based upon the 
parameters entered by the user of the device. Next, the syringe plunger 20 pushes the fluid in 
the syringe body 1 8 toward the distal end 25 of the syringe 18. As the fluid flows into the 
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lower port 60 of the syringe 18, excess air is expelled via the upper port 58. After all the air is 

removed from the syringe body 18, the weighted ball of the one-way valve 24 is pushed by the 

fluid into a sealing position so as to substantially block the fluid from back-flowing into the 

supply reservoir 22. Upon exiting the lower port 60 of the syringe body 18, the fluid flows into 

the patient manifold 26. The pressure from the fluid biases the spool valve of the patient 

manifold 26 causing the valve to change states so that the lower port 50 of the syringe body 18 

connects to the patient port 33. The fluid then flows from the patient port 33 into the high 

pressure tube 28, through the three-way stop cock 32 and into the catheter connection 30, 

thereby completing the system prime. 

Next, the system 10 notifies the user, via the display on the user-interface subassembly 
14, that the system is ready for use. The user connects the patient's catheter to the catheter 
connection 30 and arms the system 10 to begin the injection procedure. A volume of fluid is 
then injected at either a fixed rate or variable rate, proportionally controlled by the user, into 
the patient. The values for the rate and volume of the fluid are the prefeiTed default values as 
calculated by the system 10 based upon the input parameters. If preferred, a user can input 
different values for the rate and volume of fluid by manually entering the numbers into the 
user-interface subassembly 14. 

At the end of the injection procedure, the user terminates the case/procedure. In one 
embodiment of the present invention, after disconnecting the patient from the device, the 
syringe plunger 20 automatically disconnects from the system 10. 

The foregoing description addresses embodiments encompassing the principles of the 
present invention. The embodiments may be changed, modified and/or implemented using 
various types of arrangements. Those skilled in the art will readily recognize various 
modifications and changes which may be made to the invention without strictly following the 
exemplary embodiments and applications illustrated and described herein, and without 
departing from the scope of the invention which is set forth in the following claims. 
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1 . An injector subassembly used with an injector system, said injector 
subassembly comprising: 

a single use portion; and 
a multiple use portion; 

said single use portion fluidly connected to said multiple use portion, said single use 
portion including a high pressure tube connected to a catheter connection and said multiple use 
portion including a syringe connected to a fluid supply reservoir; said syringe and said high 
pressure tube being in fluid communication at a predetermined period of operation. 

2. The injector subassembly of claim 1 wherein said single use portion includes a 
three-way stop-cock connecting said high pressure tube to said catheter connection. 

3. The injector subassembly of claim 2 wherein said three-way stop-cock includes 
a patient medication port. 

4. The injector subassembly of claim 1 wherein a length of said high pressure tube 
is related to a pressure drop along said length. 

5. The injector subassembly of claim 1 wherein said high pressure tube is made of 

PVC. 

6. The injector subassembly of claim 1 wherein said single use portion includes a 
patient manifold that connects said syringe to said high pressure tube. 

7. The injector subassembly of claim 6 wherein said patient manifold includes a 
spring biased spool valve which normally connects a pressure transducer to a patient port. 

8. The injector subassembly of claim 6 wherein said single use portion includes a 
pressure transducer connected to said patient manifold. 

9. The injector subassembly of claim 8 wherein said single use portion includes a 
saline subassembly attached to said pressure transducer. 

1 0. The injector subassembly of claim 9 wherein said saline subassembly includes a 
saline check valve, saline tubing, saline spike and saline supply. 
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1 1 . The injector subassembly of claim 1 wherein said multiple use portion includes 
a one-way valve connecting said syringe to said fluid supply reservoir. 



12. The injector subassembly of claim 1 1 wherein said multiple use portion includes 
a fluid container spike connecting said one-way valve to said fluid supply reservoir. 

13. The injector subassembly of claim 1 1 wherein said one-way valve includes a 
weighted ball that when seated in a lower position permits air to flow from said syringe body 
and when seated in an upper position prevents fluid from flowing from said syringe body to 
said fluid supply reservoir. 

14. The injector subassembly of claim 1 wherein said multiple use portion can be 
reused up to approximately five times. 

15. The injector subassembly of claim 1 wherein said multiple use portion can be 
reused on one or more patients without cleaning or sterilizing said multiple vise portion 
between each use. 

16. The injector subassembly of claim 1 wherein said single use portion is cleaned 
and sterilized after being used on said patient or case. 

17. The injector subassembly of claim 16 wherein said single use portion is reused 
after said single use portion is cleaned and sterilized. 

18. The injector subassembly of claim 1 wherein said syringe is transparent. 

19. The injector subassembly of claim 1 wherein said syringe is made of 
polycarbonate. 

20. The injector subassembly of claim 1 wherein said syringe repeatedly draws in 
fluid from said supply reservoir. 

21. The injector subassembly of claim 1 wherein said single use portion is supplied 
to a user of said subassembly as a kit. 

22. The injector subassembly of claim 1 wherein said multiple use portion is 
supplied to a user of said subassembly as a kit. 
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23. An injector system providing a continuous, contamination-free supply of fluid 
from a fluid reservoir through a syringe to a patient, said system comprising: 

a syringe body including an upper port and a lower port; 
a reservoir containing a volume of fluid; 

a fluid container spike connecting said syringe to said reservoir; 
a one-way valve located between said spike and said upper port of said syringe, said 
one-way valve including a weighted ball to control fluid flow; and 

a check valve located between said lower port and said patient. 

24. The injector system of claim 23 wherein said weighted ball is positioned at a 
lower seated position within said valve and is sufficiently heavy to prevent air to flow from 
said syringe body into said bottle without lifting said ball to an upper seated position. 

25. The injector system of claim 24 wherein said fluid flows from said syringe body 
into said upper port after air is removed from said syringe body. 

26. The injector system of claim 25 wherein a specific gravity of said fluid together 
with the hydrodynamic interaction of said weighted ball lift said ball to an upper seated 
position. 

27. The injector system of claim 26 wherein said weighted ball in said upper seated 
position blocks a passageway from said upper port to said bottle so that said fluid cannot flow 
back from said syringe body into said bottle. 

28. The injector system of claim 23 wherein said check valve prevents said syringe 
fluid from becoming contaminated. 

29. A syringe for use in an angiographic injector system, said syringe comprising: 
a syringe body having a distal end, a proximal end and a pumping chamber; and 

a syringe plunger located in said pumping chamber and movable along a path from said 
distal end to said proximal end of said syringe body, said syringe plunger connected to and 
controlled by a user-interface subassembly whereby said syringe plunger automatically 
disconnects from said syringe body when said syringe body has been used for a maximum 
number of uses. 

30. An angiographic injector system that tracks the volume of fluid injected by said 
system 9 said injector system comprising: 
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a user-interface subassembly; 

a reservoir containing fluid used during an injection procedure; 

a syringe fluidly connected to said reservoir and a patient, said syringe including a 
syringe plunger movable within said syringe; and 

a syringe holder that holds said syringe in place on said injector system, said syringe 
holder including at least one electrical device that tracks the volume of fluid dispensed via 
movement of said syringe plunger. 

3 1 . The injector system of claim 30 wherein said electrical devices are sensors. 

32. The injector system of claim 30 wherein said electrical devices are switches. 

33. The injector system of claim 30 wherein software is used in combination with 
said electrical devices. 

34. The injector system of claim 33 wherein said electrical devices include a 
memory or identification chip. 

35. The injector system of claim 30 further comprising a bar-code reader that reads 
a bar-code on said reservoir. 

36. The injector system of claim 35 wherein said bar-code reader contains reservoir 
size and volume information. 

37. The injector system of claim 36 wherein said bar-code information is 
automatically processed by said system. 

38. An injector subassembly used with an angiographic injector system, said 
injector subassembly comprising: 

a syringe body including a mechanical indexing structure; and 

a syringe holder including a mechanical indexing structure that complimentarily mates 
with said mechanical indexing features of said syringe body. 

39. The injector subassembly of claim 38 wherein said mechanical indexing or 
keying features of said syringe body are ribs and flanges positioned on an exterior surface of an 
end wall of said syringe. 

40. The injector subassembly of claim 38 wherein said mechanical indexing or 

keying features of said syringe holder are opposing notches and projections. 
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4 1 . The injector subassembly of claim 38 wherein said mechanical indexing or 
keying features of said syringe body are notches and projections. 



42. An injector subassembly used with an angiographic injector system, said 
injector subassembly comprising: 

a syringe body including a bar-code locate on said syringe body; and 
a syringe holder including a bar-code reader located on said syringe holder, wherein 
said bar-code reader reads said bar-code on said syringe body and sends a signal to said 
injector system indicating that a compatible syringe body is installed on said system. 

43. The injector subassembly of claim 42 wherein said signal indicates that a single 
use syringe is installed on said system. 

44. The injector subassembly of claim 42 wherein said signal indicates that a 
multiple use syringe is installed on said system. 

45. An angiographic injector system comprising: 
an injector subassembly; and 

a user-interface subassembly wherein said user-interface subassembly includes a 
resume feature that allows a user of said system to stop a procedure, prior to its completion, 
and begin a new procedure. 

46. The angiographic injector system of claim 45 wherein said resume feature 
powers down said system and returns said system to an initial start-up and display. 

47. The angiographic injector system of claim 45 wherein said resume feature is in 
the form of a user-activated button. 

48. The angiographic injector system of claim 45 wherein said resume feature is in 
the form of a user-activated switch. 

49. A syringe for use in an angiographic injector system, said syringe comprising: 
a syringe body having a distal end, a proximal end and a pumping chamber; and 

a syringe plunger located in said pumping chamber and movable along a path from said 
distal end to said proximal end of said syringe body, said syringe plunger connected to and 
controlled by a user-interface subassembly whereby upon completion of a procedure via an 
"End Case" function, said system notifies an operator of a number of syringe uses so that said 
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operator may either replace said syringe with a new, sterile syringe or continue using said 

syringe. 

50. A syringe for use in an angiographic injector system, said syringe comprising: 
a syringe body having a distal end, a proximal end and a pumping chamber; and 
a syringe plunger located in said pumping chamber and movable along a path from said 
distal end to said proximal end of said syringe body, said syringe plunger connected to and 
controlled by a user-interface subassembly whereby upon completion of a procedure via an 
"End Case" function, said system notifies an operator of a number of syringe uses so that said 
operator replaces said syringe. 
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